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@ A semiconductor laser control apparatus com- 
prises a semiconductor laser (2), a semiconductor 
laser control circuit (3), a drive current measuring 
unit (20), a detection unit (22), a warning unit (23), 
and a memory unit (24). The memory unit (24) 
stores at least one initial drive current values (l re t) 
and corresponding temperatures (T ref ). The detection 
unit (22) compares an actual drive current value (lop, 
If) measured by the drive current measuring unit 
(20) with the initial drive current value (l re f) cor- 
responding to an actual temperature (T). The warn- 
ing unit (23) generates an alarm of a prediction of 
the expiration of service life of the semiconductor 
laser (2), when the actual drive current value (lop, If) 
exceeds the corresponding initial drive current value 
(l ref ) as much as a specified percentage. Conse- 
quently, the near expiration of the service life of the 
semiconductor laser (2) can be confirmed and there- 
fore render the operational effects such as replace- 
ment of the semiconductor laser without causing any 
hindrance to the operation. 
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0 Semiconductor laser control apparatus for confirming the service life of semiconductor laser by 
detecting current increase of the semiconductor laser from initial state thereof. 



0 A semiconductor laser control apparatus com- 
prises a semiconductor laser (2), a semiconductor 
laser control circuit (3), a drive current measuring 
unit (20), a detection unit (22), a warning unit (23), 
and a memory unit (24). The memory unit (24) 
stores at least one initial drive current values (t re f) 
and corresponding temperatures (T ref ). The detection 
unit (22) compares an actual drive current value (lop, 
If) measured by the drive current measuring unit 
(20) with the initial drive current value (l re f) cor- 
^ responding to an actual temperature (T). The warn- 
^ ing unit (23) generates an alarm of a prediction of 
t_ the expiration of service life of the semiconductor 
laser (2), when the actual drive current value (lop, If) 
f exceeds the corresponding initial drive current value 
^ (lref) as much as a specified percentage. Conse- 
quently, the near expiration of the service life of the 
^ semiconductor laser (2) can be confirmed and there- 
O fore render the operational effects such as replace- 
ment of the semiconductor laser without causing any 
hindrance to the operation. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconduc- 
tor laser control apparatus, more particularly, to a 
semiconductor laser control apparatus for confirm- 
ing the service life of a semiconductor laser by 
detecting the current increase of the semiconductor 
laser from an initial state thereof. 

2. Description of the Related Art 

Recently, bar codes have been used in various 
industrial fields as represented by point-of-sale 
(POS) systems employed in distribution businesses 
to provide bar code readers with compact, inexpen- 
sive and with low power consumption features. 
Semiconductor lasers have mainly been used for 
POS systems rather than gas lasers. 

However, the service life of a semiconductor 
laser is relatively short, and when the POS system 
becomes in operatable because of expiration of the 
service life, the work using the POS system stops 
working. Note, the service life of the semiconductor 
laser is very dispersive in the individual semicon- 
ductor laser, and further the service life of the 
semiconductor laser is also dispersive by the cir- 
cumstances (especially, temperature) of the POS 
system using the semiconductor laser. Concretely, 
the service life of a semiconductor laser is, for 
example, 4000 ~ 7000 hours under continuous 
operation at 50 ° C, but the service life of the same 
semiconductor laser is, for example, two times 
(8000 - 14000) hours under continuous operation 
at 40 0 C. 

Therefore, it has been requested to make it 
possible to replace the semiconductor laser by 
predicting the expiration of its service life before a 
failure of operation and extend the time of opera- 
tion until such inactivity. Note, as described above, 
the service life of the semiconductor laser is very 
dispersive in the individual semiconductor laser 
and the temperature of the POS system using the 
semiconductor laser. 

Note, the configuration of a semiconductor la- 
ser control apparatus to prolong the service life 
thereof is proposed by some inventors including 
the inventors (the same applicant, or asignee) of 
this application under Japanese Patent Application 
No. 02-314606 (which corresponds to U.S. Patent 
Application No. 07/794,226). Further, an example of 
the POS system, or a bar code reader using the 
semiconductor laser control apparatus is also de- 
scribed in JPP'606. 

SUMMARY OF THE INVENTION 



An object of the present invention is to provide 
a semiconductor laser control apparatus that allows 
replacement of the semiconductor laser at an ap- 
propriate time before failure of operation by pre- 

5 dieting the expiration of the service life of the 
semiconductor laser. 

According to the present invention, there is 
provided a semiconductor laser control apparatus 
comprising: a semiconductor laser; a semiconduc- 

io tor laser control circuit for controlling a drive cur- 
rent of the semiconductor laser to output a specific 
light quantity from the semiconductor laser; a drive 
current measuring unit for measuring a drive cur- 
rent of the semiconductor laser; a memory unit for 

is storing at least one initial drive current values of 
the semiconductor laser for the specific light quan- 
tity and corresponding temperatures of the initial 
drive current values; a detection unit for comparing 
an actual drive current value of the semiconductor 

20 laser measured by the drive current measuring unit 
with the initial drive current value corresponding to 
an actual temperature when the actual drive current 
is measured; and a warning unit for generating an 
alarm of a prediction of the expiration of service life 

25 of the semiconductor laser, when the actual drive 
current value exceeds the corresponding initial 
drive current value as much as a specified percent- 
age. 

The semiconductor laser control apparatus 

30 may further comprise a temperature measuring unit 
for measuring a temperature of the semiconductor 
laser. The memory unit may store a plurality of 
initial drive current values of the semiconductor 
laser and corresponding temperatures of each of 

35 the initial drive current values. The memory unit 
may store one initial drive current value of the 
semiconductor laser and a corresponding tempera- 
ture of the initial drive current values. Further, the 
memory unit may be constituted by an EEPROM 

40 or EPROM. 

The semiconductor laser and the memory unit 
may be provided in the same package. The detec- 
tion unit may include: a first drive unit for control- 
ling the lighting with a first light quantity; and a 

45 second drive unit for controlling the lighting with a 
second light quantity less than the first light quan- 
tity, and switches over the first drive unit to the 
second drive unit, when the actual drive current 
value is increased by a specified percentage over 

so the corresponding initial current value while the 
lighting is controlled by the first drive unit. 

The semiconductor laser control apparatus 
may repeat switching ON and OFF of the semicon- 
ductor laser at a specified ratio, continuously re- 

55 main on when a specified information is detected in 
a reflection light from an object to be radiated and 
repeats lighting and extinguishing at the specified 
ratio when the following information is not detected 
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even after a first time being passed from an in- 
formation detection timing, and the time setting is 
changed from the first time to a second time shor- 
ter than the first time when the drive current value 
is increased by a specified percentage over the 
initial drive current value at the corresponding tem- 
perature. 

Further, according to the present invention, 
there is provided a semiconductor laser control 
apparatus repeating lighting and extinguishing of a 
semiconductor laser at a specified ratio, continu- 
ously remaining on when a specified information is 
detected in a reflection light from an object to be 
radiated, and repeating lighting and extinguishing 
at the specified ratio when the following information 
is not detected even after the specified time has 
passed from the information detection timing, 
wherein the semiconductor laser control apparatus 
comprises: a first drive unit for controlling the light- 
ing of the semiconductor laser with a first light 
quantity; a second drive unit for controlling the 
lighting of the semiconductor laser with a second 
light quantity larger than the first light quantity; and 
a control unit for controlling the lighting by the first 
drive unit in continuous lighting and changing over 
to the second drive unit in repetition of lighting and 
extinguishing. 

Furthermore, according to the present inven- 
tion, there is provided a bar code reader device, for 
reading the data of a bar code label and supplying 
the data to a point-of-sale terminal, having a semi- 
conductor laser control apparatus, wherein the 
semiconductor laser control apparatus comprises: a 
semiconductor laser; a semiconductor laser control 
circuit for controlling a drive current of the semi- 
conductor laser to output a specific light quantity 
from the semiconductor laser; a drive current mea- 
suring unit for measuring a drive current of the 
semiconductor laser; a memory unit for storing at 
least one initial drive current values of the semicon- 
ductor laser for the specific light quantity and cor- 
responding temperatures of the initial drive current 
values; a detection unit for comparing an actual 
drive current value of the semiconductor laser mea- 
sured by the drive current measuring unit with the 
initial drive current value corresponding to an ac- 
tual temperature when the actual drive current is 
measured; and a warning unit for generating an 
alarm of a prediction of the expiration of service life 
of the semiconductor laser, when the actual drive 
current value exceeds the corresponding initial 
drive current value as much as a specified percent- 
age. 

In addition, according to the present invention, 
there is also provided a bar code reader device, for 
reading the data of a bar code label and supplying 
the data to a point-of-sale terminal, having a semi- 
conductor laser control apparatus repeating lighting 



and extinguishing of a semiconductor laser at a 
specified ratio, continuously remaining on when a 
specified information is detected in a reflection light 
from an object to be radiated, and repeating light- 

5 ing and extinguishing at the specified ratio when 
the following information is not detected even after 
the specified time has passed from the information 
detection timing, wherein the semiconductor laser 
control apparatus comprises: a first drive unit for 

70 controlling the lighting of the semiconductor laser 
with a first light quantity; a second drive unit for 
controlling the lighting of the semiconductor laser 
with a second light quantity larger than the first 
light quantity; and a control unit for controlling the 

is lighting by the first drive unit in continuous lighting 
and changing over to the second drive unit in 
repetition of lighting and extinguishing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

The present invention will be more clearly un- 
derstood from the description of the preferred em- 
bodiments as set forth below with reference to the 
accompanying drawings, wherein: 
25 Figure 1 is a schematic block diagram showing 
an example of a bar code reader device using 
the semiconductor laser control apparatus; 
Figures 2A and 2B are circuit block diagrams 
showing an example of a semiconductor laser 
30 control apparatus according to the prior art; 

Figure 3 is a diagram showing an example of 
emission characteristics of a semiconductor la- 
ser; 

Figure 4 is a timing chart for explaining a laser 
35 control operation in the semiconductor laser 
control apparatus according to the prior art; 
Figure 5 is a block diagram showing a principle 
of a semiconductor laser control apparatus ac- 
cording to the present invention; 
40 Figure 6 is a diagram showing an example of 
emission characteristics of a semiconductor la- 
ser to explain the principle of the semiconductor 
laser control apparatus according to the present 
invention; 

45 Figures 7A and 7B are circuit block diagrams 
showing a first embodiment of a semiconductor 
laser control apparatus according to the present 
invention; 

Figure 8 is a flow chart showing an example of a 
50 laser control operation carried out in the semi- 
conductor laser control apparatus according to 
the present invention; 

Figures 9A and 9B are circuit block diagrams 
showing a second embodiment of a semicon- 
55 ductor laser control apparatus according to the 
present invention; 

Figures 10A and 10B are circuit block diagrams 
showing a third embodiment of a semiconductor 
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laser control apparatus according to the present 
invention; 

Figures 1 1 A and 1 1B are circuit block diagrams 
showing a fourth embodiment of a semiconduc- 
tor laser control apparatus according to the 
present invention; and 

Figure 12 is a timing chart for explaining a laser 
control operation in the semiconductor laser 
control apparatus of Figs. 1 1 A and 1 1 B. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

For a better understanding of the preferred 
embodiments, the problems of the related art will 
be explained, with reference to Figs. 1 to 4. 

Figure 1 shows an example of a bar code 
reader device using the semiconductor laser con- 
trol apparatus. 

In Fig. 1, reference numeral 100 denotes a 
POS terminal unit, 102 denotes a semiconductor 
laser, 103 denotes a semiconduztor laser control 
circuit, 104 denotes an optical unit, and 105 de- 
notes a demodulation unit. 

As shown in Fig. 1, data of a bar code label is 
detected by the optical unit 104 and supplied to 
the POS terminal unit 100 through the demodula- 
tion unit 105. Note, an emitted light output from the 
semiconductor laser 102 is applied to the optical 
unit and used to read the data of the bar code 
label, and the semiconductor laser 102 is controlled 
by the semiconductor laser control circuit 103. 
Namely, a light quantity of the semiconductor laser 
102 is controlled by adjusting a laser drive current 
in the semiconductor laser control circuit 103, so 
that a specific light quantity is output from the 
semiconductor laser 102 to the optical unit 104. 

Figures 2A and 2B show an example of a 
semiconductor laser control apparatus according to 
the prior art. 

As shown in Fig. 2A, the semiconductor laser 
102 comprises a laser diode (LD) 102b and a photo 
diode (PD) 102a, and a drive current If of the laser 
diode 102b is controlled by a current Im of the 
photo diode 102a, corresponding to the light quan- 
tity of the laser diode 102b which is detected by 
the photo diode 102a, to maintain the light quantity 
of the semiconductor laser 102 at a fixed level. 

In the semiconductor laser control circuit 103, 
the current Im is converted to a voltage by a 
resistor R130 and amplified by an operation am- 
plifier A131, and then divided to a voltage VA 
corresponding to the specified light quantity by a 
variable resistor VR132. The voltage VA is com- 
pared with a reference voltage Vref generated from 
a voltage adjust circuit 118, resistors R137 and 
R138, and integrated by an operation amplifier 
A134. Further, the voltage VA after integration by 



the operation amplifier A134 is converted to the 
laser drive current If by the transistor TR136. Note, 
in the semiconductor laser control circuit 103, a 
reference numeral 117 denotes an analog switch 

5 (ANSW), and C133 denotes a capacitor connected 
in parallel to the analog switch 117. 

Note, in Fig. 2B, reference numeral 115 de- 
notes an image sensor provided in the optical unit 
104, 116 denotes a binary-coding circuit, 106 de- 

w notes a detector, 109 denotes a central processing 
unit (CPU), and 114 denotes a timer. As shown in 
Fig. 2B, the demodulation unit 105 includes the 
detector 106 and the CPU 109, and a switching 
control signal AA is output from the CPU 109 to the 

15 analog switch 117. Namely, the analog switch 117 
is controlled in accordance with the switching con- 
trol signal AA output from the CPU 109. 

Figure 3 shows an example of emission char- 
acteristics of a semiconductor laser. 

20 As shown in Fig. 3, the light quantity is con- 

trolled to be fixed by the above control even 
though the temperature characteristic or the like 
varies. The light quantity of the semiconductor la- 
ser is set by the variable resistor VR132, so that 

25 the light quantity becomes the specified value. 

Note, in this case, the analog switch (ANSW) 
117 is used to turn OFF the semiconductor laser 
102 and to reduce the lighting time of the semicon- 
ductor laser 102 during operation by controlling 

30 ON/OFF operation of the analog switch 117. The 
configuration of this semiconductor laser control 
apparatus is proposed by some inventors including 
the same inventors (the same applicant, or asig- 
nee) of this application under Japanese Patent Ap- 

35 plication No. 02-314606 (which corresponds to U.S. 
Patent Application No. 07/794,226). 

Figure 4 is a timing chart for explaining a laser 
control operation in the semiconductor laser control 
apparatus according to the prior art. As shown in 

40 Fig. 4, according to the proposal disclosed in 
JPP'606, a first mode dm1 for continuous lighting, 
second mode dm2 for repetitive lighting and extin- 
guishing, and third mode dm3 for repetitive lighting 
and extinguishing with a lower lighting ratio than 

45 that of the second mode dm2 are set. Namely, in 
Fig. 4, the lighting mode is set to the first mode 
dm1 when a scan of the bar code label is detected 
(detection of the start of reading), the second mode 
dm2 when a next scan is not detected even after 

50 lapse of the specified time dmT1 in the first mode 
dm1, and the third mode dm3 when a scan is not 
detected even after lapse of the specified time 
dmT2 in the second mode md2. 

Note, the laser beam scans the same bar code 

55 label by a plurality of times, and is set to the first 
mode mdl when the start of scan is detected in the 
second and third , modes md2, md3. Therefore, 
when the system is not used, the total lighting time 
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is reduced by automatically setting the laser sys- 
tem to the ready condition when the lighting ratio 
(period) is low. 

Further, in Figs. 2A and 2B, reflection light 
received by the image sensor 115 is converted to 
an electric signal and binary-coded by the binary- 
coding circuit 116. When this binary-coded signal 
is detected as bar code information through iden- 
tification of a guard bar by the detector 106, the 
CPU 109 starts the demodulation, sets the semi- 
conductor laser 102 to the first mode md1, and 
sets the subsequent lighting modes while monitor- 
ing the output of the timer 114. Note, the guard bar 
is positioned at both the start and end portion of 
each bar code label of the Universal Product Code 
(UPC) Standard. Further, in another bar code label 
of NW7, CODE-39, ITF, and the like, the guard bar 
may be called a start character, end character, and 
the like. 

In the above description, the service life of the 
semiconductor laser (102) is relatively short and 
grately dispersive in the individual semiconductor 
laser and therefore it contrives to reduce the dura- 
tion of lighting when the semiconductor laser is not 
being used during an operation as described 
above. When the system fails to operate because 
of expiration of the service life, the semiconductor 
laser should be replaced and the work will be 
hindered. 

Namely, the service life of a semiconductor 
laser is relatively short, and when the system using 
the semiconductor laser (for example, a POS sys- 
tem) becomes in operatable because of expiration 
of the service life, the work using the POS system 
will stop. Note, the service life of the semiconduc- 
tor laser is very dispersive in the individual semi- 
conductor laser, and further the service life of the 
semiconductor laser is also dispersive by the cir- 
cumstances (especially, temperature) of the POS 
system using the semiconductor laser. Therefore, it 
is necessary to replace the semiconductor laser by 
predicting the expiration of its service life before 
failure of operation and extend the time of opera- 
tion until such inactivity. 

Below, the preferred embodiments of a semi- 
conductor laser control apparatus according to the 
present invention will be explained, with reference 
to the accompanying drawings. 

Figure 5 shows a principle of a semiconductor 
laser control apparatus according to the present 
invention. In Fig. 5, reference numeral 2 denotes a 
semiconductor laser, 3 denotes a semiconductor 
laser control circuit, 20 denotes a drive current 
measuring unit, 21 denotes a temperature measur- 
ing unit, 22 denotes a detection unit, 23 denotes a 
warning unit, and 24 denotes a memory unit. 

The semiconductor laser control circuit 3 is 
used to control a drive current of the semiconduc- 



tor laser 2 to output a specified light quantity from 
the semiconductor laser 2. The drive current mea- 
suring unit 20 is used to measure the drive current 
(actual drive current I) of the semiconductor laser 

5 2, and the temperature measuring unit 21 is used 
to measure the temperature (actual temperature T) 
of the semiconductor laser 2. The detection unit 22 
is used to compare the actual drive current value 
detected by the drive current measuring unit 20 

w with the initial drive current value stored in the 
memory unit 24 corresponding to the temperature 
at the actual temperature detected by the tempera- 
ture measuring unit 21. Concretely, for example, 
when the actual temperature (T) measured by the 

75 temperature measuring unit 21 is specified at 20 
°C, the actual drive current (lop, If) detected by 
the drive current measuring unit 20 is compared 
with the initial drive current 40 mA at 20 9 C which 
is previously stored in the memory unit 24. Further, 

20 for example, when the actual temperature is speci- 
fied at 40 °C, the actual drive current is compared 
with the initial drive current 60 mA at 40 °C 
previously stored in the memory unit 24. The warn- 
ing unit 23 generates an alarm when the measured 

25 drive current value is increased by the specified 
percentage (for example, 20 %) over the initial 
drive current value of the corresponding tempera- 
ture. 

Note, the above operation is carried out a pre- 
30 determined time each day (for example, at the time 
of switching ON the POS system), every hour, and 
the like. 

In the above description, the memory unit 24, 
which is, for example, an erasable programmable 

35 read only memory (EPROM) or electrically eras- 
able programmable read only memory (EEPROM), 
stores a plurality of temperature data and the initial 
drive currents corresponding to the temperature 
data. Further, as shown in Fig. 5, the initial drive 

40 current values of the semiconductor laser 2 are 
different in accordance with the temperature. Fur- 
thermore, even though the temperatures of a plu- 
rality of semiconductor lasers are the same, the 
initial drive currents of the semiconductor lasers 

45 are different from each other, since temperature- 
drive current characteristics are quite different in 
individual semiconductor lasers. Consequently, the 
memory unit 24 for storing the initial drive current 
values and corresponding temperatures must be 

50 provided for each of the individual semiconductor 
lasers. Further, it is preferable to replace the semi- 
conductor laser 2 of the POS system to provide the 
semiconductor laser 2 and the memory unit 24 in 
the same package. 

55 Nevertheless, the memory unit 24 can store 

only one initial drive current (reference drive cur- 
rent l re f) and corresponding temperature (reference 
temperature T ref ), and another initial drive currents 
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corresponding to another temperatures can be cal- 
culated, which will be explained with reference to 
Fig. 8. In this case, the accuracy of the relation- 
ships between the temperatures and the initial 
drive currents may be decreased, and the actual 
temperature of the semiconductor laser may be 
limited to a small range (for example, T ref ± 5°C). 
In addition, the memory unit 24 can also store one 
initial drive current (reference drive current l re f) and 
corresponding temperature (for example, 25 ' C), 
and a plurality of temperature compensation values 
(A I) and corresponding temperatures (for example, 
30, 35, 40 *C, ...). As described above, data stored 
in the memory unit 24 and the calculation manner 
for obtaining the initial current value at the actual 
temperature can be modified. Note, it is preferable 
to replace the semiconductor laser 2 of the POS 
system so that the semiconductor laser 2 and the 
memory unit 24 are provided in the same package. 

Figure 6 is an example of emission characteris- 
tics of a semiconductor laser explaining the princi- 
ple of the semiconductor laser control apparatus 
according to the present invention. 

As shown in Fig. 6 (Fig. 3), the drive current of 
the semiconductor laser 2 is necessary for the 
specified quantity increases in accordance with the 
total lighting time, that is, the semiconductor laser 
and the semiconductor laser 2 finally fail to op- 
erate. Nevertheless, in the present invention, the 
temperature-drive current characteristics are used 
to confirm the service life of the semiconductor 
laser by detecting the current increase of the semi- 
conductor laser from the initial state thereof. 

Namely, in the present invention, the drive cur- 
rent value in the initial lighting of the semiconduc- 
tor laser 2 (lf 0 in Fig. 6) at a temperature TO is 
measured and stored in the memory unit 24. Fur- 
ther, an actual drive current value and an actual 
temperature of the semiconductor laser during the 
operation state is detected (measured) in a specific 
time interval by the drive current measuring unit 
20, the temperature measuring unit 21 and the 
detection unit 22, and the detected drive current 
value is compared with the initial drive current 
value stored in the memory unit 24 corresponding 
to the actual temperature of the semiconductor 
laser 2. Note, as shown in Fig. 6, the drive current 
value varies with the temperature of the semicon- 
ductor laser 2 and also with each of the individual 
semiconductor lasers 2. Therefore, as shown in 
Fig. 5, the initial drive current value at each tem- 
perature for each semiconductor laser 2 is mea- 
sured and stored in memory unit (EPROM or 
EEPROM) 24 and used in combination with this 
semiconductor laser 2. 

The drive current measuring unit 20 and the 
temperature measuring unit 21 always measure, 
respectively, the drive current and temperature of 



the semiconductor laser 2, and the detection unit 
22 periodically picks up the measured drive current 
value and temperature and compares the mea- 
sured drive current value with the initial drive cur- 

5 rent value corresponding to the measured tempera- 
ture. The warning unit 23 generates an alarm 
based on a prediction of the expiration of the 
service life of the semiconductor laser 2, when the 
drive current value exceeds the initial drive current 

70 value as much as the specified percentage (for 
example, If, shown in Fig. 6, e.g., 20 %). Note, 
since the semiconductor laser 2 still operates at 
this timing, the work will not be hindered when the 
semiconductor laser 2 and the memory unit 24 are 

15 replaced during an appropriate time zone. 

Figures 7A and 7B show a first embodiment of 
a semiconductor laser control apparatus according 
to the present invention. Note this first embodiment 
shows an example of a configuration of the semi- 

20 conductor laser control apparatus which always 
continuously lights up, and an example of warning 
the expiration of service life by lamp indication. 
Namely, the semiconductor laser control circuit 3 
has the same configuration with exception that the 

25 analog switch ANSW 117 in Fig. 2A (or equivalent 
to the OFF state of the analog switch ANSW 117) 
is omitted and performs the same continuous light- 
ing control as when the analog switch ANSW 117 
is switched OFF. 

30 As shown in Fig. 7A, the semiconductor laser 2 

comprises a laser diode (LD) 2b and a photo diode 
(PD) 2a, and a drive current If of the laser diode 2b 
is controlled by a current Im of the photo diode 2a, 
corresponding to the light quantity of the laser 

35 diode 2b which is detected by the photo diode 2a, 
to maintain the light quantity of the semiconductor 
laser 2 at a fixed level. 

In the semiconductor laser control circuit 3, the 
current Im is converted to a voltage by a resistor 

40 R30 and amplified by an operation amplifier A31, 
and then divided to a voltage VA corresponding to 
the specified light quantity by a variable resistor 
VR32. The voltage VA is compared with a refer- 
ence voltage Vref generated from a voltage adjust 

45 circuit 18, resistors R37 and R38, and integrated 
by an operation amplifier A34. Further, the voltage 
VA after integration by the operation amplifier A34 
is converted to the laser drive current If by the 
transistor TR36. Note, C33 denotes a capacitor 

so connected between a negative input terminal and 
an output terminal of the operation amplifier A34. 

As shown in Fig. 7B, reference numerals 7, 8 
denote analog to digital converters (ADCs), 9 de- 
notes a central processing unit (CPU), 10 denotes 

55 an EEPROM, 11 denotes a lamp, 12 denotes a 
voltage adjust circuit, 1 denotes a temperature sen- 
sor, and A39 denotes an operation amplifier. Com- 
paring Figs. 5 and 7B, the operation amplifier A39 
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and the ADC 7 correspond to the drive current 
measuring unit 20, the temperature sensor 1 and 
the ADC 8 correspond to the temperature measur- 
ing unit 21, the CPU 9 corresponds to the detection 
unit 22, the lamp 11 corresponds to the warning 5 
unit 23, and the EEPROM 10 corresponds to mem- 
ory unit 24. 

Note, the ADC 7 is used to convert an output 
voltage of the operation amplifier A39 to a digital 
signal, and the converted digital signal is supplied w 
to the CPU 9. Similarly, the ADC 8 is used to 
convert a voltage of the temperature sensor 1 to a 
digital signal, and the converted digital signal is 
supplied to the CPU 9. Further, as described 
above, the EEPROM 10 may be constituted by an is 
EPROM, In addition, as shown in Figs. 7A and 7B, 
both ends BB and CC of the resistor R35 are 
connected to input terminals of the operating am- 
plifier A39. Namely, a potential caused by the 
resistor R35 is applied to the operation amplifier 20 
A39 to measure the drive current If of the semicon- 
ductor laser 2. 

The EEPROM 10 stores the corresponding ini- 
tial drive current value of the semiconductor laser 2 
in relation to the temperature. Note, the EEPROM 25 
10 generelly stores a plurality of initial drive current 
values corresponding to various temperatures. Nev- 
ertheless, the EEPROM 10 can store only one 
initial drive current value of a specific temperature, 
and another initial drive currents corresponding to 30 
various temperatures can be calculated by using 
the stored initial drive current value of the specific 
temperature. 

In this case, the accuracy of the initial drive 
currents calculated by using the stored initial drive 35 
current value may decrease. 

The semiconductor laser 2 is put in advance in 
a thermostatic oven, which is set to respective 
temperatures, and a drive current (initial drive cur- 
rent), from which the specified light quantities can 40 
be respectively obtained, is measured. 

In the above described configuration, the fol- 
lowing detection is carried out. 

The CPU 9 picks up a drive current value 
(actual drive current value) and a temperature from 45 
the outputs of the ADC 7 and the ADC 8 at a 
specified time interval, and further, the CPU 9 picks 
up the initial drive current corresponding to the 
temperature from the EEPROM 10. Further, the 
CPU 9 compares the actual drive current value with 50 
the initial drive current corresponding to the de- 
tected temperature, and it is determined whether 
the actual drive current value exceeds the specified 
percentage (for example, 20 %) and the initial drive 
current value at that temperature is verified. Con- 55 
sequently, when it is determined that the actual 
drive current value exceeds the specified percent- 
age, the initial drive current value, the lamp 11 



541 A2 12 

lights up to indicate the near expiration of the 
service life of the semiconductor laser 2, and a new 
semiconductor laser and an EEPROM 10 thereof 
are replaced. 

Figure 8 is a flow chart showing an example of 
a laser control operation carried out in the semi- 
conductor laser control apparatus according to the 
present invention. Note, in the laser control opera- 
tion shown in Fig. 8, only one initial drive current 
(l ref ) of the semiconductor laser (2) at a reference 
temperature T ref (for example, 25 0 C, or 35 0 C) is 
measured and stored in the EEPROM (10, 24). 
Further, in Fig. 8, reference T denotes a tempera- 
ture (actual temperature) of the semiconductor la- 
ser 2, A i denotes a temperature compensation 
value (for example, 1 mATC), and l !im (T) denotes a 
limit drive current of the semiconductor laser 2 at 
the actual temperature T. For example, l (im (T) is 
determined to be a value 20 % larger than the 
initial drive current value l re f- 

First, in Step 81 , an actual temperature T of the 
semiconductor laser 2 is measured by the tem- 
perature sensor 1 (temperature measuring unit 21), 
and the flow proceeds to Step 82. In Step 82, it is 
determined whether the actual temperature T of the 
semiconductor laser 2 is larger than a value (T ref + 
5) 0 C, and then in Step 83, it is determined wheth- 
er the actual temperature T of the semiconductor 
laser 2 is smaller than a value (T ref - 5) *C. 
Namely, in Steps 82 and 83, when the actual 
temperature T of the semiconductor laser 2 is 
included in the temperature range from (T re f - 5) 
0 C to (T ref + 5) • C, the flow proceeds to Step 84, 
and in the other cases, the flow returns to Step 81 . 

In Step 84, a limit drive current t| im (T) of the 
semiconductor laser 2 is calculated by the follow- 
ing equation (1), and then the flow proceeds to 
Step 85. 

l tjm (T) = (A I x (T-T ref ) + l ref ) x 1.2 (1) 

Note, in the above equation (1), lj im (T) is deter- 
mined to be a value 20 % larger than the initial 
drive current value l re f at the actual temperature. 

Further, in Step 85, an actual drive current lop 
(If) is measured by the drive current measuring unit 
20, and the flow proceeds to Step 86 wherein it is 
determined whether the limit drive current l|j m (T) of 
the semiconductor laser 2 is larger than the actual 
drive current lop. In Step 86, when it is determined 
that the limit drive current l Mm (T) is not larger than 
the actual drive current lop, the flow proceeds to 
Step 87, and when it is determined that the limit 
drive current l| im (T) is larger than the actual drive 
current lop, the flow returns to Step 81. Note, in 
Step 87, a predetermined laser expiration operation 
is carried out. Namely, in Step 87, for example, a 
lamp 1 1 lights up to indicate the near expiration of 
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the service life of the semiconductor laser 2, or a 
specified message showing the service life of the 
semiconductor laser 2 has expired is indicated on 
the POS system. Consequently, a new semicon- 
ductor laser and an EEPROM thereof are replaced. 

Note, data stored in the memory unit 24 and 
the calculation manner for obtaining the initial cur- 
rent value at the actual temperature can be modi- 
fied. 

Figures 9A and 9B show a second embodiment 
of a semiconductor laser control apparatus accord- 
ing to the present invention. Note, in the second 
embodiment of the present invention, the drive 
current is reduced to prolong the service life of the 
semiconductor laser 2 after the near expiration of 
the service life has been detected in the first em- 
bodiment shown in Figs. 7 A and 7B. 

The semiconductor laser control circuit 3 
shown in Fig. 9A is the same as shown in Fig. 7A 
except for an analog switch (ANSW) 13 and a 
resistor R41, which are additionally provided and 
carriy out the same lighting control and detection. 
Note, the analog switch 13 and the resistor R41 are 
connected parallel to the variable resistor VR32, 
and when the analog switch 13 is switched ON, a 
specified light quantity is obtained. Namely, in the 
second embodiment, the CPU 9 detects the near 
expiration of service life of the semiconductor laser 
2, the switching control signal DD is output from 
the CPU 9 to the analog switch 13, the analog 
switch 13 is switched OFF, and the voltage value 
VA is increased and the drive current If and the 
light quantity is reduced. Consequently, the subse- 
quent service life of the semiconductor laser 2 can 
be extended. 

As described above, in the second embodi- 
ment of the semiconductor laser control apparatus, 
when the near expiration of service life of the 
semiconductor laser is detected, the drive current 
of the semiconductor laser 2 is decreased. Namely, 
though the light quantity is reduced and the opera- 
tion efficiency deteriorates by the above operation, 
the subsequent operation time until failure of op- 
eration can be extended. 

Figures 10A and 10B show a third embodiment 
of a semiconductor laser control apparatus accord- 
ing to the present invention, wherein a reference 
numeral 14 denotes a timer. Note, in the third 
embodiment of the present invention, the semicon- 
ductor laser control apparatus controls lighting and 
extinguishing operations in the second mode (dm2) 
and the third mode (dm3) described in the prior art, 
when it is not used. 

As shown in Figs. 4, 10A and 10B, the CPU 9 
sets the time (dmT1) in continuous lighting (the 
^ first mode dml) to the first time, for example, 5 
seconds, and changes the time to the second time 
(dmT2), that is, 2 seconds according to the timer 
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14, when the near expiration of service life of the 
semiconductor laser is detected. Therefore, the 
continuous lighting time is shortened, and thus the 
subsequent operation time until the failure of op- 

5 eration can be extended. 

As described above, in the third embodiment 
of the semiconductor laser control apparatus which 
repeats lighting and extinguishing operations of the 
semiconductor laser 2 at the specified ratio, con- 

w tinuously lights up the semiconductor laser 2 when 
the start of reading is detected, and repeats light- 
ing and extinguishing operations at the above de- 
scribed ratio when the next reading is not started 
even after a lapse of the first time from the detec- 

15 tion timing, the time setting is changed from the 
first time to a shorter second time shorter when the 
expiration of the service life is detected. Therefore, 
the continuous lighting time is reduced and the 
subsequent operation time until failure of operation 

20 can be extended. 

Figures 1 1 A and 1 1 B show a fourth embodi- 
ment of a semiconductor laser control apparatus 
according to the present invention, and Fig. 12 is a 
timing chart for explaining a laser control operation 

25 in the semiconductor laser control apparatus of 
Figs. 1 1 A and 11B. 

By the way, in a bar code reader of a POS 
system, the semiconductor laser is used for light- 
ing up a bar code label provided on each of the 

30 various goods, and the contents (information) of the 
bar code are read out by an image sensor which 
detects a reflected light (laser) from the bar code. 
In the case that various goods are passed through 
the bar code reader to read out the contents of the 

35 bar code, the laser also shines onto the face of an 
operator. Note, in general, it is not preferable to 
shine a large amount of laser beam (laser energy) 
into the eyes of an operator of the POS system, 
and thus, a total amount of laser energy input into 

AO the eyes of the operator must be limited to a 
specific value to protect the operator. 

In the fourth embodiment of the present inven- 
tion, the semiconductor laser control apparatus 
controls lighting and extinguishing as described in 

45 the prior art example with reference to Figs. 1 to 4. 
Namely, as shown in Fig. 12, when a bar code 
label is scanned in the second mode dm2 or the 
third mode dm3, the detection of bar code informa- 
tion is delayed and the changeover to the first 

so mode dm1 for continuous lighting may also be 
delayed, and therefore operation efficiency will de- 
teriorate. 

This fourth embodiment is intended to provide 
an improvement in this point, and specifically, the 
55 light quantity of the semiconductor laser 2 is in- 
creased in the second mode dm2 and the third 
mode dm3, and the detectable range (area) is 
expanded. Note, in the cases of the second mode 



8 



» 



15 



EP 0 512 541 A2 



16 



dm2 and the third mode dm3, the total amount of 
laser energy input into the eyes of an operator is 
lower than a specific value to protect the operator. 
Because, in the second mode dm2 and the third 
mode dm3, a light quantity (output power) of the 5 
semiconductor laser 2 is increased but the semi- 
conductor laser 2 is repetitively lighted and extin- 
guished. 

The configuration of the semiconductor laser 
control apparatus shown in Figs 11A and 11B is a w 
similar configuration of Figs. 2A and 2B, wherein a 
resistor R41 and an analog switch (ANSW) 13 are 
added. Note, the variable resistor VR32 is adjusted 
in advance by setting the analog switch 17 to 
switch OFF and the analog switch 13 to switch is 
OFF. Note, the analog switch 13 is controlled by a 
switch control signal FF output from the CPU 9, 
and further, the analog switch 17 is controlled by a 
switch control signal GG output from the CPU 9. 

The CPU 9 controls the analog switch 13 to 20 
switch OFF in the first mode md1, and the analog 
switch 13 to switch ON in the second mode dm2 
and the third mode dm3. 

Therefore, the light quantity increases in the 
second mode dm2 and the third mode dm3 as 25 
shown in Figure 12 and the detection distance is 
extended. Note, as shown by a broken line of the 
third mode dm3 of Fig. 12, the light quantity of the 
semiconductor laser 2 in the third mode dm3 can 
be determined to be a larger value than that of the 30 
second mode dm2, since a percentage of lighting 
(ON state) of the semiconductor laser 2 in the third 
mode dm3 is lower than that of the second mode 
dm2. 

The fourth embodiment can apply to the third 35 
embodiment. In this case, a resistor (41) and an 
analog switch (13) can be connected parallel to the 
variable resistor VR32 and ON/OFF control can be 
carried out. In the fourth embodiment of the semi- 
conductor laser control apparatus, the light quantity 40 
in repeating lighting and extinguishing operations 
increases and the distance along which an object 
(bar code label provided on an article) to be irradi- 
ated can be identified, and thus the changeover to 
continuous lighting is expected and the operation 45 
efficiency is improved. 

As described above with reference to Figs. 5 to 
12, the present invention is constituted to generate 
an alarm by predicting the service life of the semi- 
conductor laser and extend the time before the 50 
apparatus fails to operate by detecting the near 
expiration of the service life and therefore ensure 
the operational effects, such as replacement of the 
semiconductor laser, without inconveniencing op- 
eration. 55 

Further, the semiconductor laser control ap- 
paratus according to the present invention can be 
provided for a bar code reader and a POS system, 



and also provided for various kinds of laser devices 
using a semiconductor laser. 

Many widely differing embodiments of the 
present invention may be constructed without de- 
parting from the spirit and scope of the present 
invention, and it should be understood that the 
present invention is not limited to the specific em- 
bodiments described in this specification, except 
as defined in the appended claims. 

Claims 

1. A semiconductor laser control apparatus hav- 
ing a semiconductor laser (2), and a semicon- 
ductor laser control circuit (3) for controlling a 
drive current of said semiconductor laser (2) to 
output a specific light quantity from said semi- 
conductor laser (2), characterized in that said 
semiconductor laser control apparatus com- 
prises: 

a drive current measuring means (20) for 
measuring a drive current (lop, If) of said semi- 
conductor laser (2); 

a memory means (24) for storing at least 
one initial drive current values (l re t) of said 
semiconductor laser (2) for the specific light 
quantity and corresponding temperatures (T ref ) 
of said initial drive current values (l ref ); 

a detection means (22) for comparing an 
actual drive current value (lop, If) of said semi- 
conductor laser (2) measured by said drive 
current measuring means (20) with the initial 
drive current value (l re f) corresponding to an 
actual temperature (T) when said actual drive 
current (lop, If) is measured; and 

a warning means (23) for generating an 
alarm of a prediction of the expiration of ser- 
vice life of said semiconductor laser (2), when 
said actual drive current value (lop, If) exceeds 
said corresponding initial drive current value 
(lref) as much as a specified percentage. 

2. A semiconductor laser control apparatus as 
claimed in claim 1, wherein said semiconduc- 
tor laser control apparatus further comprises a 
temperature measuring means (21) for measur- 
ing a temperature (T) of said semiconductor 
laser (2). 

3. A semiconductor laser control apparatus as 
claimed in claim 1, wherein said detection 
means (22) includes: 

a first drive means for controlling the light- 
ing with a first light quantity; and 

a second drive means for controlling the 
lighting with a second light quantity less than 
said first light quantity, and switches over said 
first drive means to said second drive means, 
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when said actual drive current value is in- 
creased by a specified percentage over said 
corresponding initial current value while the 
lighting is controlled by said first drive means. 

5 

4. A semiconductor laser control apparatus re- 
peating lighting and extinguishing of a semi- 
conductor laser (2) at a specified ratio, continu- 
ously remaining on when a specified informa- 
tion is detected in a reflection light from an w 
object to be radiated, and repeating lighting 

and extinguishing at said specified ratio when 
the following information is not detected even 
after the specified time has passed from said 
information detection timing, wherein said is 
semiconductor laser control apparatus com- 
prises: 

a third drive means for controlling the 
lighting of said semiconductor laser (2) with a 
third light quantity; 20 

a fourth drive means for controlling the 
lighting of said semiconductor laser (2) with a 
fourth light quantity larger than the third light 
quantity; and 

a control means for controlling the lighting 25 
by said third drive means in continuous light- 
ing and changing over to said fourth drive 
means in repetition of lighting and extinguish- 
ing. 

30 

5. A semiconductor laser control apparatus as 
claimed in any one of the preceding claims, 
wherein said semiconductor laser control ap- 
paratus repeats switching ON and OFF of said 
semiconductor laser (2) at a specified ratio, 35 
continuously remains on when a specified in- 
formation is detected in a reflection light from 

an object to be radiated and repeats lighting 
and extinguishing at said specified ratio when 
the following information is not detected even 40 
after a first time being passed from an informa- 
tion detection timing, and the time setting is 
changed from said first time to a second time 
shorter than said first time when said drive 
current value is increased by a specified per- 45 
centage over the initial drive current value at 
the corresponding temperature. 



wherein said memory means (24) stores one 
initial drive current value (l re t) of said semicon- 
ductor laser (2) and a corresponding tempera- 
ture (T re f) of said initial drive current values 

Orel)- 

8. A semiconductor laser control apparatus as 
claimed in any one of the preceding claims, 
wherein said memory means (24) is consti- 
tuted by an EEPROM or EPROM. 

9. A semiconductor laser control apparatus as 
claimed in any one of the preceding claims, 
wherein said semiconductor laser (2) and said 
memory means (24) are provided in the same 
package. 

10. A semiconductor laser control apparatus as 
claimed in any one of the preceding claims, 
wherein said semiconductor laser control ap- 
paratus is provided for a bar code reader de- 
vice for reading the data of a bar code label 
and supplying the data to a point-of-sale termi- 
nal. 



6. A semiconductor laser control apparatus as 
claimed in any one of the preceding claims, 50 
wherein said memory means (24) stores a 
plurality of initial drive current values of said 
semiconductor laser (2) and corresponding 
temperatures of each of said initial drive cur- 
rent values. 55 

7. A semiconductor laser control apparatus as 
claimed in any one of the preceding claims, 
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